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Abstract
Drilling failure and low potentiality of groundwater aquifers are the main hydrogeological problems in the study area. The study
aims to give guidelines for groundwater development by means of understanding the hydrogeological conditions that controlling
groundwater occurrence in the area. Geophysical and hydrogeological studies were used to inquire about these problems where a
synthetic model is devised for the subsurface geological environment and hydrogeological conditions. The area is a structural
depression that elongates northwest to southeast. This depression is filled mainly by Um Ruwaba Formation and Superficial
Deposits. Depth to Basement Complex generally increases from west to east and from the basin periphery towards the center where
the deepest area is more than 600 m around Bara town. The shallowest depth is found at the northwestern corner. The Basement
Complex crops out at the basin periphery and at J. El Hemaui within the area. Groundwater aquifers are divided into upper
(shallow) aquifer system and lower (deep) one. The deep aquifer system is found only in the south-eastern corner of the study area.
The shallow aquifer can be developed by means of boreholes with relatively low costs since shallow depths characterizes this
aquifer and good yields were recorded in many parts in the area.
Key words: Bara Basin, drilling failure, geophysical, groundwater, hydrogeological.
1. The study area
This study was conducted in Bara Locality, North Kordofan State. It
is bounded by latitudes 13o:20’ and 14o:20’N and longitudes
29o:30’E and 30o:30’E covering an area of about 12000 km2
(Fig. 1). Bara Basin is one of the important Basins in the
Sudan. Its importance is based on two facts: first it is the only
source of water for a considerable area in North Kordofan and
White Nile Provinces, and secondly it is wide extended and
high potential in most parts. In the target area of this study,
drilling failure and low potentiality of aquifers are frequent.
Many hydrogeological studies were carried out including the
study area such as: Rodis et al., 1963; Rodis et al., 1964;
Hunting Technical Services Limited, 1970; Whiteman, 1971;
Hunting Technical Services Limited, 1975; Vail, 1978; Ali
and Whitely, 1981; Geotehnica, 1985; Geotehnica, 1988;
IFAD, 1993; IFAD, 19939; El Teib, 2000; IHP, 2000; IFAD,
2001; IFAD, 2002; El Mansour, 2005; Shigidi, 2009;
Mahgoub, 2013; and Yousif, 2015.
Bara Basin complex represents the extreme northern
extension of the White Nile Rift System that associated with
uplifting and subsidence in the area (El Teib, 2000), (Figure
2). Three systems of faults control the trough of the Basin,
mainly striking NE–SW, NW–SE and E-W (Geotehnica,
1985).
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Fig. 1. Location of the study area.
Fig. 2. Geology of the study area (based on H.T.S.L, 1970, Geotehnica, 1985 and El Teib, 2000)
According to Geotehnica, 1985 and IFAD, 1993, the rock
units occupying the rift include; Basement Complex (Pre-
Camberian), Nubian Sandstone Formation (Cretaceous),
Umm Ruwaba Formation (Tertiary-Pleistocene) and
Superficial Deposits (Pleistocene- Recent). Basement rocks
are represented by gneisses, schists, quartzite, granites and
syenites, and they crop out at many localities (Fig. 2).
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Nubian Sandstone Formation consists of sandstones,
mudstones and conglomerates of continental and/or near
shore marine origin (Geotehnica, 1985). It is only recorded at
shallow depths by drilling in the northern part (El Teib,
2000). Umm Ruwaba Formation is largely rest on irregular
surface of the Basement Complex. It is unconsolidated or
weakly consolidated unsorted sandstones, mudstones and
conglomerates, with rapid facies changes and no surface
outcrop (Whiteman, 1971). The Superficial Deposits covers
all the older formations as Qoz sands (sand dunes and sheets)
and alluvial deposits (IFAD, 1993).
2. Objectives of the Study
The main objectives of this study are to give guidelines for
groundwater development and well design in the study area,
and to find helpful solutions for the previously mentioned
problems; specifically the study aims to determine the
structural setting and the lithological characteristics of the
geological formations as the main factors affecting
groundwater occurrence in the area.
4. Methodology
4.1 Geological and Hydrogeological Investigations
Depths of the existing water wells, depths to water table from
the ground surface and electrical conductivity were measured
for quick look on the hydrogeological conditions in the area.
Mechanical analysis and porosity test were done for aquifer
materials in two lithological samples collected from new dug
wells (shallow aquifer); at Um Shatama (sample No.1) north
east of Bara town and El Deweid (sample No.2) north of El
Haj El Leiyn.
Mechanical analysis is done by passing specific volume of
dry material from each sample through a handily shaken
stacked set of 203 mm diameter stainless steel sieves. The
retained material in each sieve is weighed; a balance sensitive
to about 0.01 grams is used for this purpose. The weight
retained and sizes of sieves openings were recorded. The
retained were added together and weighted again to test the
accuracy of the weighing process. Calculations and graphic
illustrations of the grain size distribution were used to
describe the physical characteristics of aquifer materials and
for calibration and correction of resistivity measurements.
Porosity test is done by using an “over flow can” (Fig. 3); the
two aquifer samples were tested.
Fig. 3. Over flow can used for porosity test
A measured volume of water is used to saturate the pores in
each sample. As it is known that the porosity is the
percentage of pores to the bulk volume of the material
(Driscol, 1986), thus the porosity can be equal to the
percentage of volume of water saturated these pores to the
bulk volume of the sample. The volume of water saturated
each sample and hence the volume of pore spaces was
measured.
4.2 Resistivity Investigations
4.2.1 Aims, theory, instrumentation and fieldwork geo-
electric resistivity method is used for detection of
groundwater aquifers and aquicludes, determination of
thicknesses of these aquifers and depth to Basement rocks,
detection of tectonic features or sedimentary non
conformities, and collection of information on salinity of
water in aquifers. These applications based on the fact that the
resistivity values measured are controlled by porosity, water
content, water quality and resistivity of the rock materials.
ABEM Terrameter SAS 1000 instrument is used. The system
used consists of the following components (Plate 1):
- SAS 1000 instrument with one input
channels
- SAS EBA External Battery Adaptor
- Dc input cable for SAS EBA
- RS 232 cable on reels
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Plate 1. The components of resistivity system
Resistivity data was obtained mainly by using vertical
electrical sounding (VES) technique with Schlumberger
symmetrically array in the field procedure with AB/2 > 3MN,
and maximum AB spacing as 1000 m. The geometric factor
(K) for this configuration is calculated from the following
equation:
K = (AB/2)2 – (MN) 2 X  ……………………… (2.1)
MN
The apparent resistivity (ρa) for different readings is
calculated using the formula:
ρa = KR …………………………… (2.2)
R is the measured resistance.
A number of 190 VESs were measured, where (11) of them
were carried out near existing boreholes of known lithology
and water quality to calibrate with the resistivity data in the
area (Figure 4). VES measurements were listed in a table
including electrodes configurations (AB/2, MN/2), geometric
factor (K), resistance (R) and apparent resistivity (ρa).
Fig. 4. Locations of VES points
4.2.2 Interpretation of resistivity data VES curves were
interpreted qualitatively; determination of the shape of the
VES curves and inspection of apparent resistivity plots (maps,
profiles and sections). Quantitative interpretation is conducted
manually in the field using two layers master curves
(Auxiliary point method of Orellana Mooney graphs) for
work progress control. Manual interpretation is repeated in
the office to provide initial models for the final computerized
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interpretation. Calibration VESs were used to correct the
interpreted resistivity data. VES data was reinterpreted by
using RESIXP software, to give the final computerized
interpretation of models. The obtained resistivity and
thickness values were used to construct contour maps, geo-
electric sections and three dimension diagrams. Interpreted
resistivity calibrated with data from the previously drilled
boreholes is used to reveal the hydrogeological conditions in
the study area.
5. Results and Discussions
5.1 Introduction
The interpretation of the data obtained from the field
measurements and observations and laboratory investigations
were correlated and summarized. The results of this
interpretation reflect the hydrogeological conditions in the
study area; the stratigraphic section, lithological and physical
characteristics of rock, geometrical setting of the basin, and
hydrogeological characteristics of the water bearing horizons.
5.2 Resistivity Investigations
The interpretation of the measured resistivity show different
models extending from three- layer case to nine–layer case.
Using the type curves H, A, K and Q, the VES curves
corresponding to these models can be described through
different combinations of these types as follows:
- Three-layer case having the type A.
- Four-layer case showing the types: QH, KH and KQ.
- Five-layer case is represented by the types: HKH, QQH,
KQH, AKH, KQQ, HKQ, QHA and KHA.
- Six-layer case comprises a wide variety of combinations
as KHKH, QQQH, KQQH, HKHK, HAKH, HAQH,
QHKH, HKQH, HKHA, AKHA, QQHA, QHAA,
QAAA, QHAA and KQHA.
- Seven-layer case having the types: KHKQH, HKQHA,
QHKQH, HAQQH, QHKHA, AKQHA and KQHAA
- Eight-layer case have two types: HKHKQH, and
KQHKAA
- Nine-layer case is represented by the types HKQQHKH,
and HAKHAKH.
The dominant model in the area is five-layer model. These
models are mainly built by three types of formations; those
from younger to older are Superficial Deposits, Um Ruwaba
Formation and Basement Complex, in addition to limited
bodies of Nubian Sandstone Formation. Accordingly, the
stratigraphic section is divided into four major units (Figs. 5,
6, 7 and 8):
Unit one comprises the Superficial Deposits with resistivity
range from 18 to 4500 ohm.m and thickness from zero (at the
Basement out crops) to 50 m in some parts. The thickness of
the Superficial Deposits varies considerably depending on the
local conditions which can be reaches 50 m. These deposits
show anomalous thickness in some parts (Figs. 5, 6, 7, and 8);
Continuation of rifting during the recent time may justify this
phenomenon.
Fig. 5. Geo-electric section A-B
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Fig. 6. Geo-electric section C-D
Fig. 7. Geo-electric sections E-F and Q-S
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Fig. 8. Geo-electric section I-J and K-L
Unit two matches the Um Ruwaba Formation with resistivity
range from 3 to 67 ohm.m and thickness from zero (at the
basin periphery or when Basement crop out) to more than 565
m in trough zones. The inhomogeneity of this Formation
introduces an ambiguity in the interpretation of resistivity
measurements. In this case the resistivity usually gives poor
resolution for the layering especially when increasing depth
and in case of thin intercalated horizons. Therefore, according
to principle of equivalence (Paransis, 1972) many thin layers
can approach as one layer.
Unit three comprises the weathered and/or fractured
Basement Complex; this unit shows resistivity range from 15
to 46 ohm.m. Resistivity contrast between the Um Ruwaba
Formation and the weathered Basement is relatively small
where the weathered Basement resistivity resembles that of
clay, clayey sand or saturated sandy deposits. Calibration of
resistivity results with borehole data usually removes such
ambiguity. Weathering in the Basement is a differential
process that depends on many factors such as depth to
Basement from ground surface, presence of fractures and
fissures, chemical composition of the Basement rocks, the
contiguity of the rock masses to the groundwater and the
chemical nature of the water. Thus the weathering thickness
in the Basement is varied from few meters to tens of meters.
Unit four is the fresh Basement Complex, the base of the
succession, with resistivity ranges from 75 to 5500 ohm.m.
The highest values of resistivity for the Basement Complex
were found in the western part and the lowest were found in
the northeastern corner of the study area. The types and
lithological characteristics of the subsurface Basement rocks
are not clearly defined where drilled boreholes are usually
end within the weathered zone that cannot give a good
description for its origin rock.
Depth to Basement Complex increases from west to the east
and from the basin periphery towards the center of the basin.
The deepest zones in the study area are represented by the
area around Bara (more than 600 m), southwest El Bashiri
(more than 550 m) four kilometers east of Taiyba village (400
m), (Figure 9). In the western part, the depth generally ranges
from 22 to 60 m, but in some parts it reaches 90 meters. The
difference in depth to the Basement Complex is due to rifting
processes that results in many troughs.
Nubian Sandstone Formation underneath Um Ruwaba
Formation in small structural depression at the north-eastern
corner of the area as a residual of erosion due to uplifting
during the geological past. It has resistivity ranges from 46 to
65 ohm.m and thickness of about 160 meters.
Geo-electric sections define many lithological characteristics.
The high resistivity of the Superficial Deposits reflects the
sandy nature of these deposits which is rarely clayey; as well
it reflects the dryness of these sediments when geophysical
measurements were carried out. Low and moderate values of
resistivity in Um Ruwaba Formation indicate badly sorted
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sediments; blends of clay, silt and sand are common with
predominance of sand fraction. Clay deposits are usually
found as thin layers intercalated with sands, but thick clay
deposits were found in some deepest zones (Figure 6).
Besides, horizontally or vertically rapid facies changes are
usual. These characteristics of Um Ruwaba Formation denote
rapid deposition under torrential continental fluviatile or
lacustrine conditions.
Fig. 9. Depth to Basement Complex
5.3 Hydrogeological Investigations
5.3.1 Mechanical analysis the results of mechanical analysis
(Tables: 1 and 2) were graphically displayed; cumulative
percent retained on each test sieve was plotted as a point in
arithmetic scale against the sieve openings (Figure 10).
The two lithological samples approach S- Shaped curves
(Figure 10). This type of curves characterizes materials
deposited by running water and wave action, and usually
represents samples having higher porosities, (Driscoll, 1986).









2 0.743 0.743 0.496
1 0.7 1.443 0.964
0.5 22.93 24.373 16.274
0.25 69.05 93.423 62.381
0.125 42.10 135.523 90.492
0.063 13.13 148.653 99.259
Bottom Pan 01.11 149.763  * 100.00
* The weight of the sample before sieving is 150 gm.
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Table 2. Records of sieve analysis data for sample No. (2)








2 0.141 0.141 0.0886
1 0.43 0.571 0.359
0.5 9.00 9.571 6.015
0.25 50.831 60.402 37.958
0.125 84.20 144.602 90.872
0.063 13.935 158.537 99.629
Bottom Pan 0.59 159.127 * 100.00
* The weight of the sample before sieving is 160 gm.
The plotted values of each sample were used as general
indexes for the distribution and grading of the sample
between the limits of grain size. The values of the index
points as effective size (90% retained size), average size
(50% retained size), and 40 % retained size and uniformity
coefficient were determined (Table 3). The uniformity
coefficient was calculated as 40 % retained size divided by
90% retained size (Driscoll, 1986).
Fig. 10. Cumulative Percent Retained for Sample No. (1)
Table 3. Values of index points for the sieved samples








1 S- Shape 0.13 0.205 0.24 1.846
2 S- Shape 0.13 0.250 0.40 3.077
According to Went-worth scale for grain size classification
used in groundwater field (Driscol, 1986) the two curves
(Figure 10) show that the samples tested consist mainly of
fine and medium sands. Effective size sound to 90% of the
constituents in both samples were coarser than 0.13 mm. Fine
and medium sizes represent 89.6% of sample No 1 (Um
Shatama) and 90.5 % of sample No 2 (El Deweid). The value
of uniformity coefficient indicates good grading of the
samples between the sizes limits with preference to sample
No 1.
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5.3.2 Porosity Test Table (4) lists the results of the porosity
tests; volumes of the tested samples, the volume of water used
in the test and the calculated porosity. Average values for the
calculated porosity are 29.264 for sample No 1 and 29.89 for
sample No 2. The calculated porosity may be affected by the
non-homogeneity of the sediments or by air trapping, that the
pores did not completely saturated with water.






















5.4 Hydrogeological Characteristics of the Study Area
The area is a structural depression that elongates E-W and
controlled by three systems of faults, mainly striking NE–
SW, NW–SE and E-W. It is filled mainly by Um Ruwaba
Formation and Superficial Deposits. Um Ruwaba Formation
and Superficial Deposits are the main water bearing
formations in the area. A shallow aquifer is found in the
whole study area and occurs in one or more of the geological
formations, usually with hydraulic connection and free water
table. In the eastern part it occurs in the Superficial Deposits
and/or Um Ruwaba Formation separated from the deep
aquifer system by clayey layer. Moving towards the west, Um
Ruwaba Formation thins out and hence Superficial Deposits
overlie the Basement Complex at the extreme western part
where the water bearing formation is usually the Superficial
Deposits and/or the Basement rocks. Aquifers in the
Superficial Deposits are characterized by seasonal or annual
fluctuation in water storage; where they are directly depend
on infiltration from rainfall during the rainy season. The
depth to the shallow aquifer ranges from 30 m to about 80 m
around  Bara  town  in  the  eastern  part of  the  study  area
and  from 8.5m to 73m for most of the area. The shallower
depth for this aquifer is 8.5 m at El Bashiri northwest Bara.
The deep aquifer occurs in Um Ruwaba Formation in the
southeastern corner of the study area in depth ranges from
180 m to 430 m. This system is built of intercalated sand,
clayey sand and sandy clay layers with hydraulic connection
through poorly permeable clay-sand layers. Pure clay
horizons are rarely found but when they found they will be of
limit extent and thickness. Aquifers in the Nubian Sandstone
Formation occur only in shallow depths at the northern
borders.
5.5 Well Development in the Study Area
Groundwater in the study area is usually exploited by dug
wells or bore holes. Dug wells are usually confined to the
shallow aquifer and contribute about half or more of the
annual consumption in the area. The shallow aquifer can be
developed by means of boreholes with relatively low costs
since shallow depths characterizes this aquifer and good
yields were recorded in many parts in the area.
Thickness of this aquifer is variable and depends upon the
drilled site. Cable tool drilling is preferred to tap this aquifer
for its low costs and that the water struck and aquifer
characteristics can be obtained clearly. Rotary drilling can be
used with some caution in using the drilling fluids that may
affect the aquifer hydraulic properties and increases the
development time. Drilling should be to the full thickness of
the aquifer.
For best well efficiency well design should be carefully
executed and screen with open area the same or greater than
the average porosity of the aquifer should be used; based on
the average size (50% size) of the aquifer material, screen
opening size should be selected in the average about 0.20mm.
When the aquifer is non-homogeneous unconfined one, a
length of about one-third of the aquifer thickness of screen of
large open area is appropriate to avoid dewatering the well
screens. Although the constructed wells can be naturally
developed, gravel filter pack has the advantages that it
increases the effective hydraulic diameter of the well. Filter
pack materials when used should be clean, well sorted and
well rounded to assure good porosity and hydraulic
conductivity of the materials near the screen, less time and
effective development, reduced drawdown and higher yield.
Uniformity coefficient of about 1.8 to 3.0 for the gravel pack
usually offer lower head loss through the filter pack. Due to
the shallow depths of these aquifers, thermoplastic and
fiberglass screens and casing can satisfy the purpose, in
addition to their durability and low cost.
6. Conclusions
Um Ruwaba Formation and Superficial Deposits are the main
water bearing formations in the area. In the western part the
Basement Complex usually serve as water bearing formation.
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The shallow aquifer that extends in the whole study area can
be developed with lower costs to supply potable water for
different purposes. This goal can be achieved through good
design and construction of the productive wells to attain high
productivity and long life time of the sources. Detailed
hydrogeophysical investigation should be conducted to locate
drilling sites, especially in the western part of the study area
to avoid drilling failure. Exploratory drilling is recommended
to precisely determine the potentiality of the shallow aquifer.
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